Abstract Six new 9,19-cycloartane triterpene derivatives, as well as 3 known analogues (7-9), were isolated from the roots of Cimicifuga foetida L. Their structures were established on the basis of extensive spectroscopic analyses (IR, UV, ORD, HRESIMS, 1D and 2D NMR).
triterpenoids and their glycosides are the main constituents of Cimicifuga. Meanwhile, because of their structural diversity and significant antitumor activity, this kind of components attracted so much attention [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
In our continuous search for the bioactive triterpenoids, six new cycloartane-type triterpenoids, namely (8) , and cimisterol A (9) were isolated from the roots of C. foetida. All the new compounds were evaluated for their cytotoxicities against five selected human cancer cell lines (HL-60, SMMC-7721, A-549, MCF-7 and SW480).
Results and Discussion
Compound 1 had the molecular formula of C 37 H 58 O 10 , which was determined by its HR-EIMS at m/z 662.4414 [M] ? . The IR spectrum showed absorption for hydroxyl group at 3425 cm -1
. The 1 H NMR spectrum ( 
The sugar unit of 1 was further confirmed by comparing its TLC and specific rotation with a standard after acid hydrolysis. Thus, the planar structure of 1 was determined.
In the ROESY spectrum ( Fig. 1) , correlations of H-3/H-5 and H-15/H 3 -18 suggested that H-3 and H-15 were a-and b-oriented, respectively. Moreover, the configurations of C-23 and C-24 were assigned as R and S, respectively, by comparing the coupling constants of H-23 (9.0 Hz) and H-24 (0 Hz) of 1 with those of known compounds [15] . Therefore, compound 1 was established to be 4
Compound 2 was obtained as a white powder and gave a molecular formula of C 39 H 58 O 11 d, J = 7.6 Hz). The 13 C NMR showed 35 carbon resonances (Table 2) , of which 30 were attributed to a triterpene skeleton and five to a pentose. A DEPT NMR experiment permitted differentiation of the 30 carbon signals into seven methyls, five methylenes, eleven methines (including five oxygenated and two olefinic signals), and seven quaternary carbons (including two oxygenated and two olefinic signals). The diagnostic signals of two oxygenbearing methine carbons at d C 90.6 (C-24) and 70.4 (C-23), and a ketal carbon at d C at 112.7 suggested that 3 was a cimigenol-type triterpene compound. Further inspection of the 1D NMR and HSQC spectra of 3, the characteristic cyclopropane methylene resonances H 2 -19 and two quaternary carbons (C-9 and C-10) were not observed at the characteristic high magnetic field. Besides, comparison the NMR spectra of 3 with those of 12b-hydroxycimigenol-3-O-b-D-xylopyranoside [17] , the signals due to C-9, C-10, C-11, and C-19 showed a downfield shift from d C 20.5, 26.1, 40.6, and 30.8 to 140.3, 138.7, 135.9, and 129.6, respectively, in 3. Such evidences indicated that 3 was a 9,10-seco-9,19-cyclolanostane glycoside with two double bonds. And the location of the double bonds (C 10 =C19 and C 9 =C 11 ) could be further deduced. This was further supported by IR, UV and 2D NMR spectra (Fig. 2) . Furthermore, the configurations of C-23 and C-24 were assigned as R and S, respectively, by the same way as 1. Ultimately, the structure of 3 was determined as 12b-hydroxy-10,19:9,11-didehydro-9,10-seco-cimigenol-3-O-b-D-xylopyranoside.
The molecular of compound 4 was assigned as C 30 H 46 O 6 by HR-EIMS at m/z 502.3294 [M] ? . The 1D NMR data of 4 (Tables 1, 2) showed that 4 was a highly oxygenated 9,19-cycloartane triterpene and resembled that of the aglycone of 7,8-dihydroactaeaepoxide-3-O-b-D-xylopyranoside [18] . However, the signals for the oxymethine at C-3 and the acetoxyl group at C-12 were absent. Instead a carbonyl group signal at d C 215.3 and an upfield oxymethine at d C 72.6 were observed, which indicated that the oxymethine (C-3) and the acetoxyl group (C-12) were replaced by a carbonyl group and a hydroxyl group, respectively. The evidence was established from HMBC correlations (Fig. 2) 3 (C-3) , The other changes of the ring C was that the methine signal at d C 72.1 (C-12) appeared in yunnanterpene A was absent instead of a quarternary carbonyl carbon signal at d C 210.8 (C-12) in 6. Meanwhile, the 13 C NMR signal due to C-11 showed a downfield shift from d C 40.6 in yunnanterpene A to 46.1 in 6, and the signal due to C-13 exhibited an unfield from d C 50.5 to 46.6, respectively. These observations indicated that the hydroxyl group was attached to C-12 was replaced by the carbonyl group, which was further confirmed by the HMBC correlations (Fig. 2) (Fig. 2) . Besides, the downfield shift of C-22 and C-24 from d C 37. [19] , and cimisterol A (9) [13] were also isolated from this species. Their structures were identified by its 1D NMR spectra as well as comparison with reported data.
Compounds 1-6 isolated in the present study were evaluated for their cytotoxicities against five human cancer cell lines using MTT method, with cisplatin and taxol as the positive control. Unfortunately, none of them showed significant activity [24] .
Experiments Section

General Experimental Procedures
Optical rotations were measured in MeOH with a Horiba SEAP-300 polarimeter.
1 H and 13 C NMR spectra were recorded in pyridine-d 5 on Bruker Avance III-600 MHz spectrometers (Bruker, Zürich, Switzerland), using TMS as internal standard for chemical shifts. Chemical shifts (d) were expressed in ppm with reference to the TMS resonance. ESIMS, HRTOF-ESIMS and EIMS, HR-EIMS data were obtained using a VG Autospec-3000 and API QSTAR TOF spectrometer, respectively. Infrared spectra were 
Extraction and Isolation
The air-dried roots of C. foetida (82 kg) were crushed with a blender and refluxed with 95 % EtOH at 70°C for three times (5 h, each). The residue was yielded by removal of the solvent was dissolved in water to form a suspension. The aqueous suspension was successively partitioned with EtOAc and n-BuOH. The EtOAc (5.6 kg) fraction was absorbed on 12 kg silica gel and chromatographed on a prepacked (120 kg) silica gel column, eluting stepwise with CHCl 3 -MeOH (1:0, 100:1, 50:1, 20:1, 5:1) to give five fractions (A-E) Fraction C (230 g) was subjected to column chromatograph (CC) on silica gel (1.5 kg) and eluted with PE-Me 2 CO (5:1, 2:1, 0:1) to obtain C-1 (60 g), C-2 (40 g), and C-3 (105 g) as in the previous report [25] . Fraction C-2 (40 g) was purified using an ODS silica gel column with 
